(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 093 924 A1 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


int n 7. I 0/01 




25.04.2001 Bulletin 2001/17 


(21) 


Application number: 00402912.0 




(22) 


Date of filing: 20.10.2000 




(84) 


inn atari f^nf ro/-*tir»n Qfotoc • 
L^coiy i iclltJU v_>Ui I Li dOtlily oldies. 


inventors: 




AT BE CH CY DE DK ES Ft FR GB GR IE IT LI LU 


• Yakura, Yuji 




Mr mi px QP 


Shinagawa-ku, Tokyo (JP) 




Designated Extension States: 


• Ando, Makoto 




AL LT LV MK RO SI 


Shinagawa-ku, Tokyo (JP) 


(30) 




• Suzuki, Kenji 


Priority: 22.10.1999 JP 30119299 


Sagamihara-shi, Kanagawa (JP) 


(71) 


Applicant: SONY CORPORATION 


(74) Representative: Thevenet, Jean-Bruno et al 




Tokyo (JP) 


Cabinet Beau de Lomenie 






158, rue de I'Universite 






75340 Paris Cedex 07 (FR) 



(54) Printer and printer head control method 

(57) This invention relates to a printer (21) and a 
printer head (22) control method and relates in particular 
to a method applicable to ink jet printers for regulating 
the quantity of ink by diluting the ink with dilution fluid to 
express different print tones, reduce irregularities in 



supply of ink supplied to the dispensing nozzle com- 
pared to the related art, and to provide a high quality 
printing effect. This invention regulates the dilution fluid 
(K) for diluting the ink (I) by controlling the number of 
pulses. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a printer and 
printer head control method and relates in particular to 
a printer and printer head control method in ink jet print- 
ers for expressing various types of print tones by con- 
trolling the diluted ink with dilution fluid. This invention 
reduces irregularities in the quantity of ink supplied to 
the dispensing nozzle opening occurring in the related 
art andean deliver high quality printing by regulating the 
number of pulses to control the quantity of dilution fluid 
for diluting the ink. 

Description of Related Art 

[0002] Methods have been proposed in the related art 
for expressing various types of print tones in ink jet print- 
ers by controlling the quantity of ink dilution with dilution 
fluid. 

[0003] A drawing of the cross section of one head for 
this type of ink jet printer along with the peripheral struc- 
ture is shown in Fig. 8. In this drawing, a head 2 of an 
ink jet printer 1 is comprised of a nozzle plate 4, piezo- 
electric elements 5K and 51 constituting the drive ele- 
ment, and an oscillator plate 3 in an inner plate P. 
[0004] Here, the inner plate P is formed for instance 
of plastic by injection molding and constitutes the walls 
of this head 2. The oscillator plate 3 is formed by a re- 
silient plate shaped member such as a metallic plate. 
The nozzle plate 4 is formed by a plate shaped member 
such as metal plate forming a water-repellent coating 
on the surface. 

[0005] The head 2 is supplied with dilution fluid K and 
ink I from the respective tanks by way of the supply paths 
LI and LK through the inner plate P. Buffer tanks 61 and 
6K are formed at the base of these supply paths LI and 
LK and the head 2 stores the ink I and dilution fluid K 
supplied from the supply paths LI and LK, into these 
buffer tanks 61 and 6K. 

[0006] The head 2 also supplies the ink I and dilution 
fluid K stored in the buffertanks 61 and 6K to the respec- 
tive pressure chambers 81 and 8K by way of the supply 
paths 71 and 7K formed in the nozzle plate 4. 
[0007] The pressure chambers 81 and 8K are each 
formed adjoining the wall 9 and enclosed by the oscilla- 
tor plate 3 and the nozzle plate 4. The piezoelectric el- 
ements 51 and 5K are respectively installed on the os- 
cillator plate 3 for the pressure chambers 81 and 8K by 
way of the specified plates 1 01 and 1 0K. The drive action 
of the piezoelectric elements 51 and 5K are configured 
to apply contact pressure to the oscillator plate 3 so that 
changes can be made in the pressure applied to the ink 
I and the dilution fluid K held inside the pressure cham- 
bers 81 and 8K. 



[0008] The nozzle plate 4 for the pressure chamber 
8K on the dilution fluid side, is formed with a through 
hole extending towards the object for printing, and in 
contact with the pressure chamber 81 (ink side) and wall 
5 9. The dispensing nozzle 1 1 is comprised by this through 
hole. This dispensing nozzle 11 is formed in a circular 
shape in the nozzle plate 4 as shown by the symbol A 
in the enlarged figure. 

[0009] A through hole is formed extending diagonally 
10 towards the dispensing nozzle 11 side in the nozzle 
plate 4 on the ink side of the pressure chamber 81. A 
fixed flow nozzle 12 is comprised by this through hole. 
This fixed flow nozzle 12 is formed by drilling a hole in 
a crescent shape in the nozzle plate 4 so as to separate 
15 the spray hole 12a by a specified distance r from the 
dispensing hole 11 A of the dispensing nozzle 11 . 
[0010] In this way, the ink side piezoelectric element 
51 is driven in the head 2 as shown in Fig. 9 and the ink 

I is pressed out from the fixed flow nozzle 12, and sup- 
20 plied to the dispensing outlet 11 A of dispensing nozzle 

11. The dilution fluid side piezoelectric element 5K is 
driven to make the dilution fluid K fly outwards from the 
dispensing nozzle 11, and along with diluting the ink I 
supplied from the dispensing outlet 11 A of nozzle 11, 

25 the diluted ink I is made to fly towards the object for print- 
ing. In the head 2 at this time, the quantity of ink I sup- 
plied to the dispensing nozzle 11 side is regulated by 
driving the ink side piezoelectric element 51, and various 
print tones can be expressed in the printing, by adjusting 

30 the concentration of the ink I flying towards the object 
for printing. 

[001 1 ] The head controller 1 6 in Fig. 8, generates the 
piezoelectric element 51 and 5K drive signals SI and SK 
according to print tone data Dl output from the host con- 
35 troller. 

[0012] The head controller 16 maintains the dilution 
ink drive signal SK at a fixed voltage V1K (Fig. 10B), 
and at a specified period T1 1 (for instance a 50 micro- 
second period) and generates an ink drive signal SI (Fig. 

^0 10A) to lower the print tone from the specified voltage 
V1 1 to a voltage V2I. The controller 1 6 in this way, emits 
from the fixed flow nozzle 12, a quantity of ink deter- 
mined by the difference in electrical potential AV be- 
tween voltage V1 1 and voltage V2I, and supplies the ink 

45 to the dispensing outlet 1 1 a of dispensing nozzle 1 1 . 
[0013] Next, with the ink drive control signal SI main- 
tained at voltage V21, the head controller 16 suddenly 
lowers the drive signal SK (for instance in a period (T1 K) 
of 12 microseconds). The dilution fluid K is in this way 

so made to fly outward from the dispensing nozzle 1 1 , and 
along with diluting the ink I supplied to dispensing outlet 

I I a of dispensing nozzle 1 1 , the diluted ink I is made to 
fly towards the object for printing. 

[0014] After the ink drive signal SI and dilution fluid 
55 drive signal SK have been maintained at the lowered 
voltage for an interval (for instance a period of 50 micro- 
seconds) between specified time T2I and T2K, the head 
controller 1 6 raises the voltage back to the original volt- 
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age V1 1 and V1 K for a sufficiently long time T3I and T3K 
(for instance a period of 100 microseconds) versus the 
lowered voltage time, and a printing cycle for one dot is 
in this way completed. 

[0015] In an ink jet printer 1, multiheads are com- 
prised of a plurality of heads of a structure configured 
so thai a plurality of dots are simultaneously printed in 
parallel by this multihead to deliver improved printing 
speed. 

[0016] However, in an ink jet printer that dilutes the 
ink with dilution fluid in this way, a problem arises in that 
irregularities occur in the quantity of ink supplied to the 
dispensing nozzle 11. 

[0017] In other words, the ink I pushed out from the 
fixed flow nozzle 1 2 is conveyed along the surface of 
the nozzle plate 4 and supplied to the dispensing nozzle 
1 1 . The quantity of ink supplied to this dispensing nozzle 
11 varies according to the interval r of the nozzles, and 
the wettability (water repellency) of the nozzle plate 4 
between the nozzles, etc. The dampness of the nozzle 
plate 4 may vary, causing fluctuations in printing quality 
during dot printing. 

[0018] Therefore, irregularities occur during printing 
of dots in these types of ink jet printers for the above- 
mentioned reasons and the reproduction of print tones 
(reproduction of printing concentration) is inadequate. 
[0019] Further, the nozzle plate 4 in the dispensing 
nozzle 11 and the fixed flow nozzle 12 must be finely 
machined, and irregularities or variations are unavoida- 
ble in such type of machining. Therefore, irregularities 
in the interval r of the nozzles for each head occur in the 
multihead, making irregularities or variations unavoida- 
ble in the quantity of ink flying out from the heads. When 
irregularities in ink quantity occur in the heads in this 
way, stripes occur in the dot printing due to the same 
print tone being produced by each head, so that a drastic 
decline in print quality occurs. 

[0020] In terms of the ink quantity supplied to the dis- 
pensing nozzle 1 1 to print one print tone, the thinner the 
printing concentration (the weaker the printer contrast), 
or in other words, as less ink is supplied to the dispens- 
ing nozzle 11 , the effect of irregularities becomes great- 
er. The greater the effect of irregularities, the weaker the 
reproduction of the print tone becomes, and effects such 
as stripes become more obvious so that the quality of 
the printing drastically deteriorates. 

SUMMARY OF THE INVENTION 

[0021] In view of the above problems with the related 
art, this invention has the object of providing a printer 
and printer head control method to reduce irregularities 
that occur in the related art and deliver high quality print- 
ing in the ink quantity supplied to the dispensing nozzle 
in jet printers that dilute the printing ink with dilution fluid. 
[0022] In order to achieve the above objects, the print- 
er and printer control method of this invention according 
to claim 1 through claim 8, regulates the ink quantity by 



controlling the number of drive signal pulses. 
[0023] To further achieve the above objects, the print- 
er and printer control method of this invention according 
to claim 1 through claim 8, controls the number of pulses 
5 in the drive signal to supply ink droplets with few irreg- 
ularities or variations so that irregularities in ink quantity 
due to variations in nozzle interval r and irregularities in 
ink quantity due to changes in dampness are reduced. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Fig. 1 illustrates signal waveforms showing the 
drive signal of the piezoelectric element for the ink, in 
the ink jet printer according to an embodiment of the in- 
15 vention. 

[0025] Fig. 2A and Fig. 2B illustrate signal timing 
waveforms showing the basic waveform of the drive 
pulses of Fig. 1 A through Fig. 1 H. 
[0026] Fig. 3 is an oblique view showing the move- 
20 ment of the ink according to the basic waveforms of Fig. 
2A and Fig. 2B. 

[0027] Fig. 4A and Fig. 4B illustrate signal waveforms 
showing the relation of the dilution fluid drive signal with 
the drive signals of Fig. 1 A through Fig.1 H. 
25 [0028] Fig. 5 is a graph showing characteristic curves 
from results of the drive signals of Fig. 1 A through Fig. 
1H. 

[0029] Fig. 6 is a table showing drive results from the 
drive signals of Fig. 1A through Fig. 1H compared with 
30 the related art. 

[0030] Fig. 7 is an elevational view showing the head 
for the ink jet printer of another embodiment. 
[0031] Fig. 8 is a cross sectional view showing an ink 
jet printer. 

35 [0032] Fig. 9 is an oblique view showing the move- 
ment of the ink by the drive method of the related art. 
[0033] Fig. 10A and Fig. 10B illustrate signal wave- 
forms showing the drive signal by means of the drive 
method of the related art. 

40 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] Hereafter, the embodiments of this invention 
45 are described in detail while referring to the accompa- 
nying drawings. 

[0035] Fig. 2 is a signal timing waveform drawing 
showing the basic waveforms of the drive signal for driv- 
ing the ink piezoelectric element 51 in the ink jet printer 

50 according to an embodiment of the present invention. 
The ink piezoelectric element 51 in the ink jet printer of 
this embodiment is driven by combining these basic 
pulses and the dilution fluid element 5K is also corre- 
spondingly driven. 

55 [0036] In the ink jet printer of this embodiment, except 
for the different structure of the head controller for these 
drive signals, the structure is otherwise identical to the 
ink jetprinter 1 described in Fig. 8. Components different 
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from the structure of Fig. 8 are shown with reference 
numerals in parentheses in the same figure and the fol- 
lowing description utilizes Fig. 8. Descriptions of sec- 
tions identical to the ink jet printer 1 are omitted. 
[0037] The basic waveform, as shown here in Fig. 3, 
supplies drops of ink I to the dispensing outlet 11 A of 
the dispensing nozzle 11 so that the signal level chang- 
es within short time periods, and has a pulse waveform 
with a fixed amplitude. This basic pulse further has a 
small drop basic waveform SiS for supplying ink I in 
small drops, and also a large drop basic waveform SiL 
for supplying ink I in large drops, in proportion to the 
small drop basic waveform SiS. A drive signal Si is 
formed for the piezoelectric element 51 in this embodi- 
ment, by combining the small drop basic waveform SiS 
and the large drop basic waveform SiL, according to the 
ink supply quantity determined by the print tone. In Fig. 
2, the numeral below the waveform indicates the time 
for each period in microseconds. 
[0038] After these basic waveforms SiS and SiL first 
deliver approximately half of the ink quantity for dispens- 
ing outlet 11 A to the pressure chamber 81, the ink I is 
supplied in drops to the dispensing outlet 11 A, and the 
remaining half of the ink is next supplied to the pressure 
chamber 81. Most of the ink from the buffer tank 61 is 
therefore not supplied all at once, so that irregularities 
in the quantity of ink drops being supplied can be re- 
duced. 

[0039] The signal levels of the basic waveforms SiS 
and SiL are first raised (for instance in a period of 2 mi- 
croseconds) so that the volume of the pressure chamber 
8l is increased, and afterwards the signal level lowered 
so that the volume in the pressure chamber 81 can be 
lowered and the ink I can be pushed out of the fixed flow 
nozzle 1 2. Finally, the signal level is raised to the original 
signal level so that the volume in the pressure chamber 
8 1 can increase. 

[0040] After the signal levels of the basic waveforms 
SiS and SiL are raised, a fixed signal level is maintained 
for a specified time period (for instance 2 microseconds) 
until the signal levels start to fall. The residual vibrations 
in the piezoelectric element can therefore be sup- 
pressed over a sufficiently wide actual range in the ink 
jet printer 21, and ink meniscus variations in the spray 
hole can be stabilized so that irregularities in the quantity 
of ink drops being supplied can be reduced. 
[0041 ] Also, after the signal levels of the basic wave- 
forms SiS and SiL are lowered, a fixed signal level is 
maintained for a specified time period (for instance 2 mi- 
croseconds) until the signal levels start to rise. In the ink 
jet printer 21, after the ink I is reliably supplied to the 
dispensing outlet 11 A of dispensing nozzle 11 , the volt- 
age of the pressure chamber 81 can be sufficiently sta- 
bilized, and the pressure in pressure chamber 81 low- 
ered so that irregularities in the quantity of ink drops be- 
ing supplied can be reduced. 

[0042] The large drop basic waveform SiL is set so 
that the amplitude becomes larger and the period that 



the signal level is low becomes larger compared to the 
small drop basic waveform SiS (for instance 4 microsec- 
onds for the small drop basic waveform SiS, and 9 mi- 
croseconds for the large drop basic waveform SiL), and 
5 that large drops of ink I (compared to the small drops) 
can be supplied. 

[0043] In this embodiment, print tone data D1 for eight 
print tones including a print tone having dots with no ink 
adhering, are input to the head controller 26. The head 
io controller 26 combines the basic waveforms SiS and SiL 
and generates the drive signal Si of the piezoelectric el- 
ement 51 according to this print tone data D1 as shown 
in Fig. 1. 

[0044] The head controller 26 in other words, main- 
is tains the ink and dilution fluid drive signals Si and Sk at 
a fixed signal level (Fig. 1 A) at a first print tone having 
dots with no ink adhering. In contrast, in a continuing 
second print tone, a piezoelectric element 51 is driven 
by a drive signal Si2 utilizing only one of the small drop 
basic waveforms SiS (Fig. 1B). In a third print tone, a 
piezoelectric element 51 is driven by a drive signal Si3 
utilizing only one of the large drop basic waveforms SiL 
(Fig. 1C). 

[0045] In a continuing fourth print tone, a drive signal 
Si4 (Fig. 1D) is generated by a continuous three small 
drop basic waveforms SiS, and in a fifth continuing print 
tone, a drive signal Si5 is generated (Fig. 1 E) by a con- 
tinuous three large drop basic waveforms SiL. 
[0046] In a sixth continuing print tone, a drive signal 
Si6 is generated (Fig. 1F) by a continuous five small 
drop basic waveforms SiS. In a seventh continuing print 
tone, a drive signal Si7 is generated (Fig. 1 G) by a con- 
tinuous five small drop basic waveforms SiS. In the 
eighth print tone having the greatest ink concentration, 
after a continuous three small drop basic waveforms 
SiS, a drive signal Si8 is generated (Fig. 1 H) per a con- 
tinuous three large drop basic waveforms SiL. 
[0047] In this way, the ink quantity supplied to the dis- 
pensing outlet 11 A of dispensing nozzle 1 is increased 
in the head controller 26 according to the print tone. 
[0048] In this embodiment, the ink eject printer 21 is 
configured to regulate the quantity of ink supplied to the 
dispensing nozzle 11 according to the number of pulses 
in the drive signal Si. By also at this time, using two puls- 
es having different amplitudes, the quantity of ink is reg- 
ulated by controlling the amplitude of the pulses, as well 
as the number of pulses. 

[0049] By forming drive signals Si in this way, the head 
controller 26, after allotting the large drop basic wave- 
forms SiL, maintains the drive signal Si signal level at a 
fixed signal level for a fixed period T (for instance. 5 mi- 
croseconds) and then allots the basic waveforms SiS 
and SiL. Thus, even when the ink I is supplied by repet- 
itive basic waveforms SiS and SiL in this way, the head 
controller 26 can prevent most of the ink quantity from 
being supplied from the buffer tank 61 at one time, so 
that irregularities in the quantity of ink drops being sup- 
plied can be reduced. 
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[0050] Besides generating the ink drive signal Si, the 
head controller 26, as shown in Fig. 4, gradually raises 
the signal level of the dilution fluid drive signal Sk , when 
a time n has elapsed (Figs. 4A and 4B) within a speci- 
fied time (for instance 13 microseconds) from the time 
point to at which the ink I initially starts to be pushed out 
by the ink drive signal Si. The head controller 26 in this 
way supplies the ink I to the dispensing outlet 11 A of 
dispensing nozzle 11 (see reference symbol B of Fig. 
8), while pulling the meniscus of the ink I into the pres- 
sure chamber 8K through the dispensing nozzle 11, so 
that the ink I will not spill in dispensing outlet 1 1 A of dis- 
pensing nozzle 11 . Further, the dilution fluid K from the 
buffer tank 6K is fed beforehand, effectively utilizing the 
time period that ink I is supplied to the dispensing outlet 
1 1 A of dispensing nozzle 1 1 . 

[0051] When a sufficient amount of time (in this em- 
bodiment, a time t2 at which 140 microseconds has 
elapsed from time point to) for the head controller 26 to 
supply the ink I by utilizing the basic pulses has elapsed, 
the rise of the dilution fluid drive signal Sk is stopped, 
and after holding the drive signal Sk signal level at a 
fixed value for a specified period (for example, 10 mi- 
croseconds), the signal level is lowered and the dilution 
fluid K emitted. The head controller 26 in this way, along 
with diluting the ink I supplied from the dispensing outlet 
11 A by utilizing the dilution fluid K, causes the diluted 
ink to fly towards the object for printing. 
[0052] The head controller 26 is configured to print by 
increasing the concentration of ink according to the print 
tone. Along with the ink I and concentration, the amount 
of consumed dilution fluid K, and the total amount of ink 
and dilution fluid consumed are shown in Fig. 5. Irregu- 
larities were measured by utilizing the 32 dispensing 
nozzle and as shown in Fig. 6, a remarkable reduction 
in irregularities was verified compared to the related art. 
Fig. 6 shows results from measuring the second print 
tone of the signal pulse of Fig. 1 B. 
[0053] Further in this embodiment, the ink piezoelec- 
tric element 51, the oscillator plate 3, the pressure cham- 
ber 81 and the head controller 26 comprise the ink supply 
device for supplying the ink A at an ink quantity deter- 
mined by the print tone, to the dispensing outlet 11 A of 
dispensing nozzle 11 . Also in this embodiment, the ink 
piezoelectric element 5K, the oscillator plate 3, the pres- 
sure chamber 8K and the head controller 26 comprise 
the dilution fluid drive device for making the ink I diluted 
by the dilution fluid K, fly towards the object for printing. 
[0054] Whentheinkltankintheinkjetprinter21 (Fig. 
8) is filled, the ink I supplied from this tank by way of the 
supply path LI, is stored in the buffer tank 61 and also 
supplied to the pressure chamber 81. In the same way, 
when the dilution fluid K tank is filled, the dilution fluid K 
is supplied from this tank by way of the supply path LK. 
is stored in the buffer tank 61 and also supplied to the 
pressure chamber 8K. 

[0055] When printing starts in the ink jet printer 21 set 
in this way, a head 22 supported to face towards the 



object for printing, repetitively scans along the surface 
of the object for printing. Ink I is supplied from the fixed 
flow nozzle 1 2 to the dispensing outlet 1 1 A of dispensing 
nozzle 1 1 in the head 22 of the ink jet printer at this time, 

s and the ink I is diluted by the dilution fluid K supplied 
from the dispensing nozzle 1 1 . This diluted ink I is further 
made to riy along with the dilution fluid K, towards the 
object for printing. In this way, printing tasks such as 
making the ink I adhere in sequential dot shapes in the 

io desired characters on the object for printing are per- 
formed. 

[0056] In the head 22, to print a dot at this time, the 
ink piezoelectric element 51 is repetitively driven by the 
basic waveforms SiS and SiL, according to print tone 

15 data D1 input to the head controller 26. Therefore, in the 
head 22, the ink I stored in the buffer tank 61 is supplied 
at intervals to the pressure chamber 8l by way of the 
supply path 71. Also, the ink I held in the pressure cham- 
ber 81 is supplied at intervals to the dispensing outlet 

20 1 1 a of dispensing nozzle 1 1 by way of the fixed flow noz- 
zle 12. 

[0057] The head 22 at this time, varies the signal level 
within a short period, and also varies the volume within 
chamber 81 by repetitively driving the ink piezoelectric 

25 element 51 with basic waveforms SiS and SiL constitut- 
ed by pulses of a fixed amplitude, so that the ink I is 
supplied in drops to the dispensing outlet 11 A of dis- 
pensing nozzle 11. The irregularities in the ink I can in 
this way, be remarkably reduced compared to the meth- 

30 od of the related art for collecting and supplying the re- 
quired amount of ink. In other words, supplying the ink 
in drops reduces by a corresponding amount, the con- 
tact surface of the ink with the surface of the nozzle plate 
4, compared to the method for collecting and supplying 

35 the required amount of ink ail at one time, so that irreg- 
ularities in the quantity of ink due to variations in the 
dampness of the nozzle plate 4 can be reduced. The 
print tones can therefore be reproduced with better qual- 
ity (See Fig. 6). 

[0058] Also, after these types of ink drops are sent 
from the fixed flow nozzle 12, the drops are separated 
from the remaining ink I in the fixed flow nozzle 12 and 
moved to the dispensing nozzle 11 by the movement 
energy imparted when sent. In contrast, in the method 

45 of the related art for collecting and sending the required 
amount ail at one time, the ink I from the spray hole 12a 
of the fixed flow nozzle 1 2 elongates in a belt shape and 
is supplied to the dispensing outlet 11 A of dispensing 
nozzle 1 1 . This ink I is supplied to the dispensing nozzle 

so 11 notonlybythe movement energy when sent from the 
fixed flow nozzle 12, but also by suction force of the dis- 
pensing outlet 11 A (for instance, the capillary action 
phenomenon of dispensing nozzle 11) etc. 
[0059] In this way, compared to the related art, irreg- 

55 ularities in the quantity of ink can be remarkably reduced 
in this embodiment, even when variations or irregulari- 
ties are present in the distance r between the dispensing 
nozzle 1 1 and the fixed flow nozzle 1 2, and stripes/noise 
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occurring from solid printing with multiheads in a printer 
due to irregularities in the ink quantity of each head can 
be prevented. 

[0060] Further, a remarkable improvement in printing 
quality can thus be obtained in this embodiment com- 
pared to the related art. 

[0061] Also in this embodiment, rather than just one 
basic pulse, a large drop basic waveform SiL to make 
large changes in the signal level, and a small drop basic 
waveform SiS to make comparatively small changes in 
the signal level, are both combined together to drive the 
ink piezoelectric element 51. The ink jet printer 21 can 
in this way express many print tones with a small 
number of pulses compared to the case of just repeti- 
tively issuing one basic pulse. The time required to sup- 
ply the ink I is therefore shortened by a corresponding 
amount, and the time required to print one dot can there- 
fore be shortened. 

[0062] After raising the amplitude of the signal level 
approximately one-half in the basic pulse, by lowering 
the signal level to emit the ink, and next raising the am- 
plitude approximately one-half, restoring the signal level 
to the original signal level, the residual oscillation in the 
piezoelectric element can be suppressed, and changes 
in the meniscus can be stabilized. Further, changes in 
the meniscus can also be stabilized by providing a fixed 
period repeating the basic pulse. Irregularities in the ink 
quantity of the drops can in this way be reduced and 
consequently irregularities in the quantity of the ink di- 
luted by the dilution fluid can also be reduced. 
[0063] By also maintaining the signal level of the drive 
signal at a fixed signal level, within a fixed period be- 
tween the period with the rise in signal level, and the 
period of the lowering of the signal level, changes in the 
volume of the pressure chamber 81 can be stabilized 
within a sufficient range. Irregularities in the ink quantity 
of the drops are thus reduced and as a result, irregular- 
ities in the quantity of the ink diluted by the dilution fluid 
can also be reduced. 

[0064] However, when the ink I is supplied at intervals 
from the fixed flow nozzle 12, much time is required for 
supplying ink I to the dispensing nozzle 11 compared to 
the method of the related art. Therefore, just as in the 
related art, after ink I is supplied to the dispensing nozzle 
11 and driven to the dispensing nozzle 11 side (See Fig. 
1 0), the period for attachment of ink droplets to the paper 
becomes longer by a corresponding amount, and time 
is therefore required for continuous printing of dots. 
Therefore, in the ink jet printer 21, while continuously 
supplying ink I at intervals from the fixed flow nozzle 1 2, 
preparations are made for emitting the dilution fluid K 
from the dispensing nozzle 11 in the period that the ink 

I is supplied to the dispensing nozzle 11 , by driving (Fig. 
4B) the piezoelectric element 5K from the time point t1 
to the time point t2, to increase the volume of the pres- 
sure chamber 8K on the dispensing nozzle 1 1 side. Fur- 
ther, when the supply of ink I to the dispensing nozzle 

II is finished, the dilution fluid K is emitted in the final 



1 0 microseconds of a specified period (Fig. 4B) and the 
ink droplets are made to fly out to the paper. 
[0065] Also, by driving the piezoelectric element 5K 
so that the volume on the dispensing nozzle 11 side of 
5 the pressure chamber 8K becomes larger, while supply- 
ing ink I from the fixed flow nozzle 12, the ink I supplied 
to the dispensing outlet 11 A of dispensing nozzle 11 is 
suctioned into the vacuum chamber 8K without collect- 
ing as drops in the dispensing outlet 1 1 A. By repetitively 
io supplying the ink I to the dispensing nozzle 11 in this 
way, the ink drops can be moved from the fixed flow noz- 
zle 1 2 to the dispensing nozzle 1 1 under the same con- 
ditions as when the supply of ink drops first starts, and 
irregularities in ink quantity of the small drops and large 
is drops can be decreased. 

[0066] In the invention as described above, the quan- 
tity of ink supplied to the dispensing outlet 11 A of dis- 
pensing nozzle 1 1 is regulated by controlling the number 
of pulses in the drive signal so that irregularities in quan- 
go tity of ink supplied to the dispensing nozzle are reduced, 
and high quality printing results can be obtained com- 
pared to the related art. 

[0067] Also, besides the number of pulses, the quan- 
tity of ink can be regulated by controlling the amplitude 
25 of the pulses so that many print tones can be reproduced 
with a small number of pulses. The time required to sup- 
ply the ink I can therefore be reduced by a correspond- 
ing amount, and the time required to print one dot can 
be shortened. 

30 [0068] Further, after the signal level of the drive signal 
in a direction increasing the volume of the pressure 
chamber has been changed, by changing the signal lev- 
el of the drive signal in a direction that reduces the vol- 
ume of the pressure chamber, and next changing the 

35 signal level of the drive signal in a direction increasing 
the volume of the pressure chamber, the irregularities 
in the ink quantity of the drops can be decreased, and 
as a consequence, irregularities in the quantity of the 
ink diluted by the dilution fluid can be reduced. 

40 [0069] The above embodiment described an example 
having one fixed flow nozzle installed for one dispensing 
nozzle. However, this invention is not limited to this ex- 
ample, and as shown in Fig. 7, a plurality of fixed flow 
nozzles may be installed for one dispensing nozzle. In 

45 such a case, yellow, cyan or magenta ink may be allotted 
for instance to each fixed flow nozzle to constitute a 
color printer mechanism. Instead of this color printer 
mechanism, the same color may be allotted to each noz- 
zle to significantly shorten the time required for ink sup- 

50 ply. Also, the diameter of each nozzle may be varied so 
that print tones can be reproduced with even higher pre- 
cision. A combination of the above schemes may also 
be implemented. 

[0070] In the above embodiment an example was de- 
55 scribed for driving the piezoelectric elements with a 
combination of two basic pulses. However, this inven- 
tion is not limited to this example, and the piezoelectric 
elements may be driven by just one basic pulse as re- 
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quired, or the piezoelectric element may be driven by a 
combination of three or more basic pulses. 
[0071 ] in the above embodiment an example was also 
described for respective ink quantities of approximately 
one-half before and after emitting the ink from the buffer 
tank and supplying it to the pressure chamber. However, 
this invention is not limited to this example, and ink may 
be collectively supplied to the pressure chamber when 
irregularities in the quantity of ink can be sufficiently re- 
duced. 

[0072] In the above embodiment, an example was al- 
so described for maintaining the drive signal at a fixed 
signal level for a specified period when switching the sig- 
nal level of the drive signal. However, this invention is 
not limited to this example, and maintaining the drive 
level at a fixed signal level may be omitted when irreg- 
ularities in the quantity of ink can be sufficiently reduced. 
[0073] Also in the above embodiment, the dilution flu- 
id was supplied from the buffer tank to the pressure 
chamber utilizing the period that ink was supplied to the 
dispensing outlet of the dispensing nozzle. However, 
this invention is not limited to this example, and after the 
dilution fluid is emitted, it may be supplied from the buffer 
tank to the pressure chamber, when a sufficient printing 
time can be maintained. 

[0074] Further in the above embodiment, the emitting 
of ink and dilution fluid from the nozzle by driving the 
piezoelectric element was described. However, this in- 
vention is not limited to this example, and a wide variety 
of methods such as thermal methods to locally heat this 
type of fluid and make air bubbles, and then emit this 
type of fluid by employing these air bubbles, or emitting 
the ink (or fluid) by various kinds of drive elements may 
be employed. 



Claims 

1. A printer regulating the quantity of ink diluted with 
a specified dilution fluid and expressing print tones, 
comprising: 

a drive device to emit said dilution fluid from a 
dispensing outlet and dilute said ink supplied 
from said dispensing outlet with said dilution 
fluid and to also make said ink diluted with said 
dilution fluid fly towards the object for printing; 
and 

an ink supply device to supply to said dispens- 
ing outlet, a quantity of ink according to said 
print tone, and 

wherein said ink supply device has a drive el- 
ement driven by a drive signal having a specified 
number of pulses. 

2. A printer according to claim 1, wherein said ink sup- 
ply device has: 



a pressure chamber for holding said ink; and 
a fixed flow nozzle extending towards said dis- 
pensing outlet from said pressure chamber, 

5 wherein said drive element is a piezoelectric 

element for varying the volume of said pressure 
chamber according to said drive signal. 

3. A printer according to claim 1 or 2, wherein said ink 
10 supply device regulates the quantity of said ink by 

controlling the number of said pulses and the am- 
plitude of said pulses. 

4. A printer according to claim 3, wherein, in the signal 
is waveform of said printer, after the signal level 

changes in a direction increasing the volume of said 
pressure chamber, the signal level changes in a di- 
rection decreasing the volume of said pressure 
chamber, and the signal level next changes in a di- 
20 rection increasing the volume of said pressure 
chamber. 

5. A printer according to any one of claims 1 to 4, 
wherein said ink supply device has a plurality of ink 

25 supply holes adjacent to said dispensing outlets, 
and said ink is supplied from the ink supply holes to 
said dispensing outlets. 

6. A printer head control method for regulating the 
30 quantity of ink diluted with a specified dilution fluid 

and expressing print tones, wherein said printer 
head control method drives a drive element by 
means of drive signal having a specified number of 
pulses and supplies to a specified dispensing outlet 

35 a quantity of ink according to said print tone, and 
along with diluting said ink supplied from said dis- 
pensing outlet with said dilution fluid by emitting 
said dilution fluid from said dispensing outlet, also 
makes said diluted ink fly towards the object for 

*o printing. 

7. A printer head control method according to claim 6, 
wherein said drive element is a piezoelectric ele- 
ment. 

45 

8. A printer head control method according to claim 6 
or 7, wherein said method has a plurality of ink sup- 
ply holes adjacent to said dispensing outlets, and 
said ink is supplied from the ink supply holes to said 

50 dispensing outlets. 
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FIG. 6 
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